
Europaisches  Patentamt 

European  Patent  Office 

Dffice  europeen  des  brevets 

2)  Publication  number: D  3 9 3   9 2 9  

3> EUROPEAN  PATENT  A P P L I C A T I O N  

Application  number:  90303950.1 

g)  Date  of  filing:  11.04.90 

0)  int.  CIA  F02D  11/10,  F02D  4 1 / 1 0  

§)  Priority:  17.04.89  GB  8908661  ©  Applicant:  LUCAS  INDUSTRIES  public  limited 
company 

§)  Date  of  publication  of  application:  Great  King  Street 
24.10.90  Bulletin  90/43  Birmingham,  B1  9  2XF  West  Midlands(GB) 

£)  Designated  Contracting  States:  @  Inventor:  Price,  David  Richard 
DE  FR  GB  IT  NL  SE  4,  Courtway  Avenue 

Birmingham,  B14  4PP(GB) 
Inventor:  Barnard,  Simon  Cary 
119  Henry  Street 
Kenilworth(GB) 
Inventor:  McQueen,  Alistair  Malcolm 
7,  Arlescote  Road,  Solihull 
West  Midlands,  B92  9HX(GB) 

0   Representative:  Robinson,  John  Stuart  et  al 
Marks  &  Clerk  Alpha  Tower  Suffolk  Street 
Queensway 
Birmingham,  B1  1TT(GB) 

(£)  Engine  throttle  control  system. 

©  An  engine  throttle  control  system  controls  a 
throttle  motor  (6)  connected  to  a  throttle  butterfly  (5) 
of  an  engine  (1)  which  drives  a  vehicle  via  a  multi- 
ratio  transmission  (2,  3).  The  maximum  rate  of 
change  of  throttle  position  signals  (ed)  is  limited  by  a 
slew  limiter  (10)  to  a  low  limit  (15)  when  the  trans- 
mission  (2,  3)  is  engaged  and  to  a  high  limit  (14) 

when  the  transmission  (z,  is  aisengageu.  m  me 
absence  of  normal  driver-produced  movements  of  an 
accelerator  pedal,  the  throttle  opening  is  reduced 
and  restored  only  if  a  prompt  driver  response  is 
detected,  such  as  increased  depression  of  the  accel- 
erator  pedal. 
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NGINE  THROTTLE  CONTROL  SYS  I  tM 

The  present  invention  relates  to  an  engine 
hrottle  control  system,  for  instance  for  use  in  con- 
rolling  an  internal  combustion  engine  for  driving  a 
rehicle. 

Throttle  control  systems  for  controlling  petrol 
ind  diesel  engines  for  vehicles  include  the  so- 
:alled  "drive  by  wire"  system  in  which  there  is  no 
nechanical  linkage  between  a  driver  actuated  ac- 
:elerator  pedal  or  cruise  control  command  switch 
ind  a  mixture  controlling  system,  such  as  one  or 
nore  carburettors  or  a  fuel  injection  system.  Sys- 
ems  of  this  type  also  lend  themselves  readily  to 
lutomatic  traction  control  functions  for  preventing 
vheel  spin  during  heavy  acceleration  and/or  in  con- 
ditions  of  poor  ground  adhesion.  However,  special 
equirements  are  placed  on  the  performance  and 
safety  of  such  systems,  which  must  function  reli- 
ably  and  in  accordance  with  various  design  param- 
3ters  at  all  times. 

In  such  control  systems,  the  drivability  of  the 
/ehicle  can  be  improved  by  slowing  down  the 
novement  of  the  throttle  relative  to  the  movement 
Df  the  accelerator  pedal.  However,  this  can  cause 
Droblems  during  gear  changes  where  it  is  desirable 
:or  the  throttle  to  respond  rapidly  to  changes  in 
Dosition  of  the  accelerator  pedal. 

A  potentially  dangerous  situation  arises  where 
a  driver  becomes  sleepy,  for  instance  during  a  long 
journey  along  monotonous  roads.  Drive  by  wire 
throttle  control  systems  allow  action  to  be  taken  in 
arder  to  slow  down  or  stop  a  vehicle  provided  it  is 
possible  to  detect  when  a  driver  is  becoming 
drowsy  or  is  beginning  to  fall  asleep.  However,  it  is 
difficult  to  detect  such  a  condition  in  a  driver, 
although  attempts  have  been  made  in  the  past  by 
relying  on  systems  which  are  additional  to  the 
normal  control  systems  of  a  vehicle. 

According  to  a  first  aspect  of  the  invention, 
there  is  provided  an  engine  throttle  control  system 
for  controlling  a  throttle  of  an  engine  of  a  vehicle 
having  a  multi-ratio  transmission,  comprising  a  con- 
trol  circuit  for  controlling  the  throttle  in  response  to 
a  demand  signal,  the  control  circuit  including  a 
slew-rate  limiting  circuit  arranged  to  limit  the  slew- 
rate  of  the  demand  signal  to  a  first  rate  limit  when 
the  transmission  is  in  a  torque  transmitting  mode 
and  to  a  second  rate  limit  higher  than  the  first  rate 
limit  when  the  transmission  is  in  a  torque  non- 
transmitting  mode. 

This  may  be  achieved,  for  instance,  by  effec- 
tively  disabling  the  slew-rate  limiting  circuit  when 
the  transmission  is  disengaged,  so  that  the  second 
rate  limit  is  determined  by  other  factors  or  is  not 
defined,  but  may  well  be  higher  than  the  maximum 
possible  slew-rate  of  the  demand  signal. 

in  tne  case  or  a  manual  transmission  uum(jns- 
ing  a  clutch  and  a  gear  box,  sensors  may  be 
arranged  to  detect  when  a  clutch  pedal  is  de- 
pressed  or  a  gear  selector  is  in  neutral  so  as  to 

5  control  selection  of  the  second  rate  limit. 
Thus,  a  desirable  rapid  throttle  response  can 

be  achieved  during  gear  changes  while  the  slower 
response  during  driving  provides  improvements  to 
the  drivability  of  a  vehicle. 

o  According  to  a  second  aspect  of  the  invention, 
there  is  provided  an  engine  throttle  control  system 
for  a  vehicle,  comprising  a  control  circuit  for  sup- 
plying  a  throttle  position  control  signal  in  response 
to  a  throttle  position  demand  signal  from  an  accel- 

5  erator  pedal,  the  control  circuit  comprising  means 
for  reducing  the  throttle  position  control  signal  rela- 
tive  to  the  throttle  position  demand  signal  in  re- 
sponse  to  a  relatively  slow  rate  of  change  of  the 
throttle  position  demand  signal. 

>o  Preferably  the  throttle  demand  is  reduced  only 
if  the  vehicle  speed  exceeds  a  predetermined 
speed. 

Preferably  the  rate  of  reduction'  of  the  throttle 
position  control  signal  increases  in  the  absence  of 

?5  an  increase  in  the  throttle  position  demand  signal. 
Preferably  the  throttle  position  control  signal  is 

increased  to  an  unreduced  value  in  response  to  an 
increase  in  the  throttle  position  demand  signal. 
Preferably  the  throttle  position  control  signal  in- 

?o  crease  takes  place  only  when  the  throttle  position 
demand  signal  is  unchanging  or  increasing. 

It  is  thus  possible  to  detect  when  a  driver  is 
drowsy  or  tending  to  fall  asleep  and  to  reduce  the 
speed  of  a  vehicle  until  the  driver  responds  by 

35  further  depressing  the  actuator.  By  reducing  the 
speed,  the  severity  of  an  accident  can  be  reduced. 
A  warning  device,  for  instance  for  sounding  an 
audible  alarm  for  rousing  or  waking  up  the  driver, 
may  be  actuated  if  the  driver  does  not  take  reme- 

40  dial  action,  for  instance  within  a  predetermined 
time  of  beginning  to  reduce  the  demand  signal. 

The  invention  will  be  further  described,  by  way 
of  example,  with  reference  to  the  accompanying 
drawings,  in  which: 

45  Figure  1  is  a  block  schematic  diagram  of  an 
engine  throttle  control  system  constituting  a  first 
embodiment  of  the  invention; 

Figure  2  is  a  block  schematic  diagram  illus- 
trating  hardware  of  a  microcomputer  based  second 

so  embodiment  of  the  invention;  and 
Figure  3  is  a  flow  chart  illustrating  software 

for  controlling  operation  of  the  hardware  shown  in 
Figure  2. 

Figure  1  shows  a  throttle  control  system  for  an 
engine  1  driving  a  vehicle  through  a  multi-ratio 
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transmission,  shown  by  way  of  example  as  a  man- 
ual  gearbox  2  associated  with  a  clutch  3.  The 
sngine  1  has  an  inlet  manifold  4  in  which  is  located 
a  throttle  butterfly  5  actuated  by  a  motor  6  and 
connected  to  a  position  sensor  7. 

An  accelerator  pedal  8  is  provided  with  a  posi- 
tion  sensor  9  which  provides  a  throttle  demand 
signal  0d  to  a  slew  limiter  circuit  10.  The  output  of 
the  slew  limiter  circuit  1  0  is  supplied  as  a  demand 
signal  to  a  first  input  of  a  control  unit  11  whose 
output  drives  the  motor  6.  The  motor  controls  the 
position  of  the  engine  throttle  5  and  the  position 
transducer  7  supplies  a  throttle  position  signal  e  to 
a  second  input  of  the  control  unit  1  1  . 

The  slew  limiter  circuit  10  has  a  controllable 
slew  rate  limit  controlled  by  an  input  12  connected 
to  a  switch  13.  The  switch  13  is  arrange  to  select 
between  a  high  slew  limit  14  and  a  low  slew  limit 
15.  A  selection  control  input  of  the  switch  13  is 
connected  to  the  output  of  a  logic  circuit  16  which 
has  inputs  connected  to  a  clutch  switch  17  for 
detecting  when  the  clutch  3  is  disengaged  and  a 
gear  selector  switch  18  for  detecting  when  a  gear 
selector  of  the  gearbox  2  is  in  the  neutral  position 

Whenever  the  clutch  is  engaged  and  a  gear  or 
transmission  ratio  is  selected,  the  logic  circuit  16 
supplies  an  output  signal  which  causes  the  switch 
13  to  select  the  low  slew  limit  15.  The  slew  limiter 
circuit  1  0  thus  limits  the  maximum  slew  rate  of  the 
throttle  demand  signal  9d.  The  rate  at  which  the 
throttle  5  can  move  to  a  new  demanded  position  is 
therefore  limited,  thus  improving  the  drivability  of 
the  vehicle. 

Whenever  the  clutch  is  disengaged  or  the  gear 
selector  is  at  a  neutral  position  ie.,  no  gear  is 
selected,  the  logic  circuit  16  causes  the  switch  13 
to  select  the  high  slew  limit  14.  The  throttle  5  can 
therefore  respond  more  quickly  to  changes  in  throt- 
tle  demand,  providing  a  more  desirable  engine 
response  in  these  circumstances. 

The  engine  throttle  control  system  shown  in 
Figure  2  comprises  a  throttle  20  driven  by  a  motor 
21  and  provided  with  a  return  spring  22.  The  throt- 
tle  20  is  connected  to  a  throttle  angular  position 
transducer  23  whose  output  provides  a  signal  e 
representing  the  throttle  opening  angle  to  the  input 
of  one  of  a  set  of  analog/digital  converters  24. 
Another  of  the  converters  24  receives  a  throttle 
position  demand  signal  0d  from  a  position  sensor 
25  which  senses  the  position  of  an  accelerator 
pedal  26.  Others  of  the  converters  24  receive  fur- 
ther  signals,  for  instance  from  various  sensors  as- 
sociated  with  the  engine. 

The  converters  24  are  connected  to  a  bus  27 
which  is  connected  to  a  micro-computer  28  includ- 
ing  a  micro-processor,  a  program  memory  29  in 
the  form  of  a  read-only  memory,  a  volatile 
read/write  (random  access)  memory  30,  and  a  non- 

volatile  read/write  memory  31.  The  bus  27  carries 
addresses,  data,  and  control  signals  for  all  of  the 
devices  connected  thereto.  The  program  or  soft- 
ware  for  controlling  the  micro-computer  28  is 

5  stored  in  the  memory  29.  The  memory  30  acts  as 
a  working  or  "scratch  pad"  memory  for  storing 
data  used  during  operation  of  the  system  but  not 
requiring  permanent  storage.  The  memory  31  pro- 
vides  storage  of,  for  instance,  operating  parameters 

w  and  updating  of  such  parameters,  which  are  re- 
quired  during  future  operation  of  the  system  ir- 
respective  of  whether  the  system  is  switched  off  or 
the  power  supply  disconnected  in  the  interim.  The 
micro-computer  28  has  outputs  32  for  controlling 

rs  other  internal  combustion  engine  systems,  such  as 
ignition  timing  and  various  aspects  of  fuel  supply  to 
the  engine. 

A  digital/analog  converter  33  is  connected  to 
the  bus  27  and  has  an  analog  output  connected  to 

20  a  half-wave  rectifier  34  for  passing  only  positive 
signals  and  to  a  half-wave  rectifier  35  for  passing 
only  negative  signals.  The  outputs  of  the  rectifiers 
34  and  35  are  connected  to  the  inputs  of  motor 
drive  amplifiers  36  and  37,  respectively,  whose 

25  outputs  are  connected  to  the  motor  21  . 
The  hardware  of  the  system  shown  in  Figure  2 

is  under  software  control  and  acts  as  an  engine 
management  system  for  controlling  operation  of  the 
engine.  Data  from  various  sensors,  including  the 

30  position  sensors  23  and  25,  are  supplied  to  the 
micro-computer  via  the  converters  24  and,  on  the 
basis  of  the  received  data,  the  micro-computer 
supplies  output  signals  for  controlling  the  engine  at 
the  outputs  32  and  via  the  converter  33.  The  output 

35  signals  of  the  converter  33  are  split  by  the  rectifiers 
34  and  35  into  positive  and  negative  signals  and 
drive  the  motor  21  via  the  amplifiers  36  and  37  in 
respective  directions. 

Figure  3  is  a  flow  chart  illustrating  in  more 
40  detail  the  operation  of  part  of  the  control  system 

shown  in  Figure  2.  Normal  operation  of  the  engine 
throttle  control  system  is  illustrated  by  block  40.  At 
41,  the  micro-computer  determines  the  rate  of  ac- 
celerator  pedal  movement  and,  at  42,  forms  and 

45  updates  a  moving  average  of  this  rate.  At  43,  the 
micro-computer  determines  whether  the  average 
rate  of  movement  is  low,  for  instance  less  than  a 
predetermined  threshold.  If  not,  the  micro-computer 
returns  to  normal  operation  40.  If  the  average  rate 

50  is  low,  the  micro-computer  determines  at  44  wheth- 
er  the  road  speed  of  the  vehicle  is  high,  for  in- 
stance  above  a  predetermined  speed.  If  not,  then 
normal  operation  40  is  resumed.  If  the  road  speed 
is  high,  the  micro-computer  decrements,  at  45,  the 

55  gain  applied  to  a  throttle  demand  signal,  so  that  the 
demand  signal  is  reduced.  The  micro-computer 
then  checks  at  46  whether  there  is  a  prompt  re- 
sponse  by  the  driver.  If  not,  then  the  size  of  the 

4 
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iecrement  is  increased  at  47  and  the  step  45  is 
jerformed  again. 

When  the  micro-computer  detects  a  prompt 
esponse  by  the  driver,  for  instance  pressing  down 
larder  on  the  accelerator  pedal,  the  micro-com- 
>uter  restores  the  original  gain  gradually,  except 
vhen  the  pedal  is  being  operated  to  decrease  the 
hrottle  demand,  at  48  and  returns  to  normal  opera- 
ion  40. 

The  system  therefore  periodically  tests  the  re- 
sponses  of  a  driver  in  such  a  way  that,  if  a  driver  is 
iwake  and  alert,  no  action  is  taken.  However,  if  a 
driver  becomes  drowsy  or  falls  asleep,  the  foot 
jressure  on  the  accelerator  pedal  is  such  that  the 
jedal  stops  moving  or,  under  the  action  of  a  return 
spring,  begins  to  rise  as  the  foot  pressure  is  slowly 
eleased.  If  the  road  speed  is  relatively  low,  then 
io  action  is  taken.  However,  if  the  road  speed  is 
elatively  high,  the  system  responds  by  reducing 
he  pedal-to-throttle  gain  in  a  sequence  of  increas- 
ng  steps.  If  the  driver  is  awake  and  alert,  the 
lormal  reaction  is  to  press  harder  on  the  accelera- 
:or  in  order  to  compensate  for  any  loss  of  power  or 
speed  of  the  vehicle.  Such  compensation  is  per- 
:ormed  automatically  by  the  driver  and,  under 
ihese  circumstances,  normal  operation  is  resumed 
Dy  gradually  restoring  the  original  gain. 

If  the  driver  fails  to  respond,  this  is  taken  as  an 
ndication  that  he  is  not  alert  and  may  be  drowsy  or 
3ven  asleep.  The  effect  of  progressively  reducing 
the  gain  by  increasing  step  sizes  is  to  reduce  the 
speed  of  the  vehicle  until  it  is  relatively  low  so  as 
to  reduce  the  danger  should  an  accident  occur. 
Preferably,  a  warning  such  as  an  audible  alarm  is 
provided  in  order  to  wake  up  the  driver  or  make  the 
driver  more  alert. 

Claims 

1  .  An  engine  throttle  control  system  for  control- 
ling  a  throttle  of  an  engine  of  a  vehicle  having  a 
multi-ratio  transmission,  comprising  a  control  circuit 
for  controlling  the  throttle  in  response  to  a  demand 
signal,  characterised  in  that  the  control  circuit  (10- 
18)  includes  a  slew-rate  limiting  circuit  (10,  12-18) 
arranged  to  limit  the  slew-rate  of  the  demand  signal 
to  a  first  rate  limit  when  the  transmission  (2,3)  is  in 
a  torque  transmitting  mode  and  to  a  second  rate 
limit  higher  than  the  first  rate  limit  when  the  trans- 
mission  is  in  a  torque  non-transmitting  mode. 

2.  A  system  as  claimed  in  Claim  1,  charac- 
terised  in  that  the  slew-rate  limiting  circuit  is  ar- 
ranged  to  be  disabled  when  the  transmission  is  in 
the  torque  non-transmitting  mode. 

3.  A  system  as  claimed  in  Claim  1  or  2  for  a 
vehicle  having  a  manual  gearbox,  characterised  by 
a  gearbox  sensor  (18)  arranged  to  sense  when  a 

gear  selector  ot  tne  gearoox  (Z)  is  in  neuirai. 
4.  A  system  as  claimed  in  any  one  of  the 

preceding  Claims  for  a  vehicle  with  a  pedal-ac- 
tuated  clutch,  characterised  by  a  clutch  sensor  (17) 

5  arranged  to  sense  when  the  clutch  pedal  is  de- 
pressed. 

5.  A  throttle  control  system  for  a  vehicle,  com- 
prising  a  control  circuit  for  supplying  a  throttle 
position  control  signal  in  response  to  a  throttle 

o  position  demand  signal  from  an  accelerator  pedal, 
characterised  in  that  the  control  circuit  comprises 
means  for  reducing  the  throttle  position  control 
signal  relative  to  the  throttle  position  demand  signal 
in  response  to  a  relatively  slow  rate  of  change  of 

5  the  throttle  position  demand  signal. 
6.  A  system  as  claimed  in  Claim  5,  charac- 

terised  in  that  the  reducing  means  is  enabled  only 
when  vehicle  speed  exceeds  a  predetermined 
speed. 

io  7.  A  system  as  claimed  in  Claim  5  or  6, 
characterised  in  that  the  reducing  means  is  ar- 
ranged  to  increase  the  rate  of  reduction  of  the 
throttle  position  control  signal  in  the  absence  of  an 
increase  in  the  throttle  position  demand  signal. 

?5  8.  A  system  as  claimed  in  any  one  of  Claims  5 
to  7,  characterised  in  that  the  reducing  means  is 
arranged  to  restore  the  throttle  position  control  sig- 
nal  to  an  unreduced  value  in  response  to  an  in- 
crease  in  the  throttle  position  demand  signal. 

30  9.  A  system  as  claimed  in  Claim  8,  charac- 
terised  in  that  the  reducing  means  is  arranged  to 
restore  the  throttle  position  control  signal  only 
when  the  throttle  position  demand  signal  is  unchan- 
ging  or  increasing. 
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